We prospectively investigated whether 20'TI single-photon emission computed tomography (SPECT) could accurately diagnose the presence and quantify the extent of acute myocardial infarction when compared with infarct size assessed by plasma MB-creatine kinase activity. Thirty patients with enzymatic evidence of infarction were imaged within 12-36 hours of chest pain (mean, 23.4 hours). No patient had a previous infarction, and none underwent intervention seeking to restore coronary patency. Infarct size was quantified with computer-generated polar maps of the myocardial radioactivity and expressed as a percentage of the total left ventricular volume. To assess left and right ventricular performance, blood-pool gated radionuclide angiography was performed immediately after SPECT. All 30 patients had perfusion defects consistent with myocardial infarction. Scintigraphic and enzymatic estimates of infarct size correlated well for the group as a whole (r= 0.78, p<O.001, SEE = 9.1) but especially for those patients with anterior infarction (r= 0.91, p<0.001, SEE = 7.9). The poor correlation observed in patients with inferior infarction (r= 0.50, p<0.05, SEE = 10.0) was believed to be related to the frequent occurrence of right ventricular involvement because SPECT assessed only left ventricular damage, whereas the enzymatic method estimated the myocardial injury in both ventricles. A quantitative index of right ventricular infarct size, derived from the relation between the scintigraphic and enzymatic estimates, had a strong inverse correlation with right ventricular ejection fraction (r= -0.89, p<0.001, SEE = 3.6). Therefore,`'TI SPECT is highly sensitive for detecting the myocardial perfusion deficit during acute infarction in 
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Circulation Vol 78, No 4, October 1988 is of limited value for assessing infarct size during coronary reperfusion. When coronary patency is not restored, maximal ¶'mTc pyrophosphate uptake occurs between 2 and 3 days after the acute event and thus is too late to be of diagnostic relevance in the majority of patients. 201T1 planar scintigraphy, when performed within 24 hours of onset of symptoms, is a highly sensitive technique for diagnosing myocardial infarction, but the sensitivity rapidly diminishes with time, particularly in patients who have minimal injury or non-Q wave infarction.10 Planar imaging with either radionuclide is suboptimal for diagnosing or accurately quantifying infarct size attributable to the inevitable overlap of abnormal with normal myocardium and with other tissues located in the chest. 14 Thallium scintigraphy with single-photon emission computed tomography (SPECT), an inherently threedimensional technique, appears promising for quantifying infarct size because it minimizes myocardial overlap.
Previous reports in animals and in humans have incorporated semiquantitative planimetric methods to estimate the amount of infarcted myocardium in serial tomographic slices.' 516 An alternative computerized method has recently been validated with a circumferential profile technique. [17] [18] [19] This technique is highly reproducible and does not rely on subjective edge detection of the outer myocardial border or that of the perfusion defect.
The present investigation was undertaken to determine whether quantitative 20'TI SPECT, with computer-generated polar maps of the myocardial radioactivity, could accurately estimate infarct size in patients during acute myocardial infarction when compared with a standard enzymatic technique. 8 Furthermore, because many patients with inferior infarction have right ventricular involvement, we attempted to derive a quantitative index of right ventricular injury hypothesizing that the total measured plasma MBCK activity has variable contributions from the left and right ventricles, whereas infarct size assessed by SPECT would be restricted to the left ventricle. Patients Infarct size was quantified by tomography with computer-generated two-dimensional polar maps of the three-dimensional 20'TI activity in the heart.'9 The distribution of myocardial radioactivity for each slice was determined with a circumferential profile technique whereby each individual shortaxis slice was normalized to the maximal count activity within the slice. The polar maps were generated as follows ( Figure 1 ). The center of the left ventricle, the maximal search radius, the right ventricular junction, and the boundaries of the left ventricular cavity were determined from the midcavity short-axis slice by a single investigator for all patients. The maximal search radius was constructed around the outer border of the left ventricle, thus effectively excluding right ventricular activity. The center and the boundaries of the left ventricular cavity, as well as the position of the apex, were also marked in the midcavity vertical long-axis slice. These boundaries were visually selected at the scintigraphic endocardial edges. The apex of the heart was represented within the center of the polar map and derived from the vertical long-axis slices. The sequential short-axis slices from apex to base were represented as concentric circumferential rings from the center to the periphery of the polar map.
The polar map of each patient was then compared with that of a mixed-gender normal data bank consisting of 50 patients (23 anginal chest pain, achieved more than 85% of their predicted heart rate on exercise stress testing without development of ischemic electrocardiographic changes, and had no more than two cardiac risk factors. Each patient's polar map was also compared with gender-specific data banks, consisting of 30 men and 35 women. Although these data banks were obtained from exercise images, we believed ourselves to be justified in using them as the normal standard of relative regional 20`T1 uptake for analyzing our resting studies because the distribution of 2`1T1 in normal myocardium is homogeneous and similar during rest or exercise.3233 A pixel count was considered abnormal if it fell 2.5 standard deviations below its corresponding mean normal pixel count. Infarct size was then automatically expressed as the percentage of abnormal pixels in the total polar map (the total left ventricular volume) ( Figure 2 The correlation coefficient between the scintigraphic and enzymatic estimates of infarct size in the group as a whole was r = 0.78, p<0.001, and SEE = 9.1 ( Figure 3) . Subgroup analysis showed a high correlation in patients with anterior infarction (r=0.91, p<O.OO1, SEE=7.9), with the following regression equation: SPECT infarct size = 10.0 + 0.52 x enzymatic infarct size. In contrast, the correlation in patients with inferior infarction was poor (r=0.50, p<O.O5, SEE = 10.0). The respective slopes and intercepts of the regression equations for anterior and inferior infarction patients, however, were not statistically different, probably because of the small numbers in each subgroup. Right ventricular dysfunction, as assessed by RNA, was common in inferior infarction (11 of 16 patients) but rare in anterior infarction (one of 13 patients). When the patients with anterior infarction and those with inferior infarction without right ventricular dysfunction were analyzed together, the resultant regression equation was virtually identical (SPECT infarct size = 16 patients with inferior infarction (69%) but in only one patient with anterior infarction (8%). The RVEF was only mildly depressed (34%) in this latter patient, whereas eight of the 1 1 patients with inferior infarction had an RVEF of or less than 32%.
Correlation Between Estimates of Infarct Size and Ejection Fraction
In patients with anterior infarction, a good correlation was found between infarct size assessed by SPECT and LVEF (r = -0.74, p <0.004, SEE = 8.2). In patients with inferior infarction, the correlation between scintigraphic infarct size and LVEF was poor (r = -0.28, p = NS, SEE = 9.7). In these patients, a poor correlation was also observed when left ventricular scintigraphic and enzymatic estimates of infarct size were compared with RVEF (r=0. 41 Previous investigators have used 201T1 planar scintigraphy to diagnose acute myocardial infarction. Wackers et allo clearly showed that patients imaged within 24 hours of chest pain invariably had 201T1 perfusion defects. The defects tended to diminish, however, after the first 24 hours, especially when non-Q wave or biochemically small infarctions were present. Recently, several investigators have demonstrated an improved sensitivity of SPECT over planar imaging for detecting infarction.3738 Ritchie et a137 reported a sensitivity of 87% with tomography but only 63% with planar imaging in 38 patients who had remote myocardial infarctions. Tomography was especially helpful for diagnosing inferior and non-Q wave infarctions. In the present study, where most patients were imaged an average of 1 day after the onset of chest pain, all demonstrated perfusion defects consistent with infarction, including the five patients with non-Q wave infarctions. These data further substantiate the high sensitivity of 201T1 SPECT imaging for diagnosing small infarctions.
Infarct size estimated by tomographic imaging in the animal model compares well with morphological estimates of myocardial damage. Prigent et al '8 reported an excellent correlation between infarct size delineated by triphenyltetrazolium chloride myocardial staining and that assessed by SPECT in dogs. 
